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Summary. Young grapevine plants with decline and wood necrosis symptoms were collected from vineyards and 
nurseries in the Apulia and Molise regions, Italy, from 2013 to 2015. Isolations of fungi were prepared from 45 dis-
eased grapevine plants, and the cultures were identified. Several species commonly associated with Petri disease, 
Botryosphaeria dieback, and black foot disease were isolated. A detailed study was carried out, and 182 isolates 
resembling Cylindrocarpon-like asexual forms were identified through morphological characterisation and DNA 
analysis of internal transcribed spacer regions 1 and 2 of the rRNA gene and the partial β-tubulin gene. Dactylonec-
tria torresensis and Ilyonectria liriodendri were identified based on morphological features and the partial histone 
3 gene, so these fungi can be defined as the causal agents of black foot on grapevine for the first time in Italy. 
Thelonectria blackeriella is also described as a new species, through morphological characterisation and multigenic 
analysis using sequence data for five loci (large subunit RNA, internal transcribed spacers, β-tubulin, actin, RNA 
polymerase II subunit 1). This new species was associated with black foot symptoms according to preliminary 
pathogenicity tests, with representative isolates of each of the three species. Pathogenicity tests showed that these 
species can cause black streaking in the wood of 1-year-old grapevine rootstock shoots. The identification of D. tor-
resensis, I. liriodendri and T. blackeriella from young grapevine plants and rooted rootstock highlights the importance 
of black foot disease in Italy, which has previously been overlooked.
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Introduction
Grapevine trunk diseases (GTDs) are one of 
the most important problems for grapevine plants 
worldwide, as they can result in serious economic 
losses. Most GTDs are caused by fungal pathogens 
that penetrate through vine pruning wounds and 
invade the wood, to cause vascular discolourations 
and perennial cankers, such as seen for Botryospha-
eriaceae spp. (Urbez-Torres et al., 2006; Carlucci et al., 
2015b), Phomopsis viticola (De Guido et al., 2003; van 
Niekerk et al., 2005) and Eutypa lata (Larignon and 
Dubos, 1997). Other important GTDs include Petri 
disease (PD) and esca, which are caused by vascu-
lar fungi, including Phaeomoniella chlamydospora and 
Phaeoacremonium spp., and parenchymatic fungi, in-
cluding Fomitiporia spp. (Mugnai et al., 1999; Armen-
gol et al., 2001; Fischer, 2002; Carlucci et al., 2015a). 
Gramaje et al. (2011) and Navarrete et al. (2011) re-
ported that Cadophora melinii and C. luteo-olivacea 
can also be associated with GTDs. Recently, another 
fungal species was associated with GTDs (Carlucci et 
al., 2015a): Pleurostomophora richardsiae (= Pleurostoma 
richardsiae; Reblova et al., 2016).
Over the last 15 years, several studies have re-
ported the occurrence and increasing incidence of 
black foot disease (BFD) of grapevine in produc-
tion areas around the world. Originally, the causal 
agents were indicated as Cylindrocarpon spp., which 
were responsible for cankers, root rot, and decay of 
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woody and herbaceous plants, for which the first re-
port was dated to 1913 by Wollenweber (Domsch et 
al., 2007). Subsequently, genera with Cylindrocarpon-
like asexual morphs in the Nectriaceae were subject-
ed to substantial taxonomic revision. Booth (1966) 
sub-divided this genus into four groups based on the 
presence or absence of microconidia and chlamydo-
spores, identified as Cylindrocarpon magnusianum 
(Sacc.) Wollenw. (an anamorph of the type species of 
Neonectria), Cylindrocarpon cylindroides Wollenw. (the 
type species of the genus Cylindrocarpon), Cylindro-
carpon destructans (an anamorph of Neonectria radici-
cola), and other members of Cylindrocarpon spp. con-
nected with the teleomorphs of Nectria mammoidea 
(Brayford, 1993; Halleen et al., 2006b). Based on this 
classification, reference strains of all Nectria groups 
with Cylindrocarpon anamorphs were transferred 
into the Neonectria genus (Rossman et al., 1999). 
Further studies conducted by Mantiri et al. (2001) 
and Brayford et al. (2004) grouped all Neonectria/Cylin-
drocarpon spp. into a monophyletic group. Although 
these authors indicated that this group included dis-
tinct sub-clades, they did not describe any new gen-
era. Halleen et al. (2004) took the first formal step in 
the segregation from the genus Cylindrocarpon, with 
their description of the new genus of Campylocarpon 
which is morphologically similar to the Cylindrocar-
pon-like asexual morphs, but is phylogenetically not 
close to the Neonectria/Cylindrocarpon genus. 
Subsequently, a detailed study on Neonectria/Cy-
lindrocarpon and Cylindrocarpon-like anamorphs was 
carried out by Chaverri et al. (2011), who described 
the three new genera of Ilyonectria, Rugonectria and 
Thelonectria. Moreover, in considering Cylindroden-
drum, which was described for first time by Bonorden 
(1851) with Cylindrodendrum album as the type spe-
cies and Cylindrocarpon-like synasexual morphs, they 
suggested that this should be considered a synonym 
of Cylindrocarpon/Neonectria. Lombard et al. (2014) re-
cently showed that Cylindrodendrum spp. form a well-
supported monophyletic clade close to the Ilyonectria 
clade, but distant from the Neonectria clade.
Recent phylogenetic studies have revealed the 
paraphyletic nature of the genus Ilyonectria (Cabral 
et al., 2012a, 2012b; Lombard et al., 2013), so Lom-
bard et al. (2014) described Dactylonectria as a new 
genus. Another genus such as Cylindrocladiella was 
described by Boesewinkel (1982), to accommodate 
five Cylindrocladium-like species that produced 
small and cylindrical conidia. This was confirmed 
as a distinct clade by Lombard et al. (2012), who 
described 18 new Cylindrocladiella spp., based on 
morphological and phylogenetic studies. More re-
cently, Salgado-Salazar et al. (2016) established that 
Thelonectria is also polyphyletic, and they described 
three new genera that are closely related to Thelonec-
tria: Cinnamomeonectria, Macronectria and Tumenec-
tria. Campylocarpon, Dactylonectria and Ilyonectria 
are the more common genera, that include fungal 
species associated with BFD of grapevine (Halleen 
et al., 2004; Cabral et al., 2012a; Lombard et al., 2014). 
Van Coller et al. (2005), Agustí-Brisach et al. (2012) 
and Jones et al. (2012) also associated Cylindroclad-
iella spp. with BFD of grapevine. To date, 17 fungal 
species are known as agents that can cause BFD of 
grapevine worldwide. These are: Campylocarpon fas-
ciculare, Campylocarpon peseudofasciculare (Halleen 
et al., 2004), Cylindrocladiella parva, Cylindrocladiella 
peruviana (Agustì-Brisach et al., 2012), Dactylonectria 
alcacerensis, Dactylonectria estremocensis, Dactylonec-
tria macrodidyma, Dactylonectria novozelandica, Dac-
tylonectria pauciseptata, Dactylonectria pinicola (=Ily-
onectria sp.2), Dactylonectria torresensis, Dactylonec-
tria vitis (Lombard et al., 2014), Ilyonectria europea, 
Ilyonectria liriodendri, Ilyonectria lusitanica, Ilyonectria 
pseudodestructans and Ilyonectria robusta (Chaverri et 
al., 2011; Cabral et al., 2012a, 2012b).
These fungal pathogens have usually been iso-
lated from older grapevines with BFD symptoms, 
but in more recent studies, they have also been iso-
lated from symptomatic and asymptomatic root-
stock mother-plants, rootstock cuttings, and young 
grafted vines. As such they have become the most 
common pathogenic fungi associated with young 
nursery vines (Rumbos and Rumbou, 2001; Halleen 
et al., 2003, 2006a, 2007; Fourie and Halleen, 2004; 
Oliveira et al., 2004; Dubrovsky and Fabritius, 2007; 
Aroca et al., 2010; Cardoso et al., 2012; Agustí-Brisach 
and Armengol, 2013). Moreover, Agustí-Brisach et al. 
(2013b, 2014) reported that BFD pathogens have also 
been isolated from soils in grapevine nurseries and 
vineyards.
Gramaje and Armengol (2011) reported that the 
more traditional propagation techniques used in 
viticulture can have significant effects on the quality 
of the vines produced. They stated that apparently 
healthy grafted nursery plants often show black 
discolouration and brown streaking in the wood of 
stems and rootstock and/or roots, from which GTD 
pathogens can be isolated, including those associ-
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ated with PD and BFD. The most common symp-
toms related to BFD are sunken necrotic root lesions 
and reduced root biomass, under-bark black discol-
ouration, and necrosis of xylem tissue at the base of 
the rootstocks. Grapevine plants affected by BFD 
pathogens also show reduced vigour, shortened 
internodes, sparse foliage, and small leaves, with 
interveinal chlorosis and necrosis, which the patho-
gens can kill affected plants (Rego et al., 2000; Hal-
leen et al., 2006b; Alaniz et al., 2007; Reis et al., 2013). 
Field symptoms of BFD on vines are frequently in-
distinguishable from those caused by PD (Scheck 
et al., 1998; Rego et al., 2000; Halleen et al., 2006b; 
Alaniz et al., 2007, 2009; Abreo et al., 2010).
The aim of the present study was to characterise a 
collection of fungal isolates that were obtained from 
diseased young grapevines and rooted rootstock in 
Apulia and Molise (southern and central Italy), us-
ing morphological and molecular studies. All of the 
Cylindrocarpon-like isolates were further investigated 
by morphological and multigenic analyses, to iden-
tify which species are involved in BFD in the Apulia 
and Molise regions, and to describe a new species of 
Thelonectria. In addition, through pathogenicity tests, 
direct correlation has been made between disease 
symptoms and a novel species of Thelonectria that is 
not commonly associated with BFD.
Materials and methods
Isolates
From May 2013 to October 2015, 28 young grape-
vines (aged from 12 to 18 months) were collected 
from vineyards, which included the cultivars ‘Pinot 
grigio’, ‘Chardonnay’ and ‘Trebbiano toscano’. Ad-
ditionally, 17 nursery rooted rootstock vines grafted 
with the cultivars ‘Moscato’ ‘Sangiovese’, ‘Cococ-
ciola d’Abruzzo’ and ‘Ciliegiolo’ were collected (Ta-
ble 1). Varius external symptoms were observed on 
the plants, including stunting, reduced vine vigour, 
shortened internodes, shoot dieback and leaf dis-
colouration, with interveinal chlorosis and necrosis. 
Moreover, sunken necrotic symptoms and reduction 
of root hairs were observed on young grapevines and 
nursery rootstock plants. The internal symptoms ob-
served from cross-sections of young grapevines and 
nursery rootstock plants showed different brownish-
blackish discolourations around the medullae (Fig-
ure 1). The samples transported to the laboratory for 
analysis consisted of root hairs and cross-sections of 
roots, stems from 3 cm below and above the grafted 
points, basal stems above the graft unions, and basal 
branching stems (cordons). After surface sterilisation 
of the symptomatic wood tissues (Fisher et al., 1992), 
the bark of each sample was removed with a sterile 
Table 1. Characteristics of young grapevine and nursery rootstock analysed.










Pinot grigio V 18 Campomarino (CB) 38.3 8
Chardonnay V 18 Campomarino (CB) 22.5 10
Trebbiano toscano V 18 Campomarino (CB) 11.2 10
Sangiovese NR 12 Market nursery, Cerignola (FG) Not estimated 5
Moscato NR 12 Market nursery, Canosa di 
Puglia (BT)
Not estimated 3
Cococciola d’Abruzzo NR 12 Market nursery, Torremaggiore 
(FG)
Not estimated 5




a Estimated as grapevine plants symptomatic as proportion of total plants in each vineyard.
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Figure 1. (a-b) Young grapevine showing discolouration of leaf similar to that associated with PD (Petri disease). (c-e) Black 
and brown wood discolouration in cross-section from which BFD (black foot disease) fungi (Dactylonectria spp., Ilyonectria 
spp. and Thelonectria sp. nov.) were mainly isolated. (f-i) Brown wood discolouration and black exudate drops in cross-
section of young grapevine and rootstock from which PD and BFD fungi were mainly isolated. (j-l) Black and brown dis-
colouration, black exudate drops, and browning streaks in cross-section of young grapevine and nursery rootstock plants 
from which PD, BD (Botryosphaeria dieback) and BFD fungi were isolated.
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scalpel, and thin wood sections were cut (1 to 3 mm 
thick). From each portion of the samples, five small 
wood tissue segments were placed on potato dextrose 
agar (PDA; 3.9% potato dextrose agar; Oxoid Ltd.) 
and on malt extract agar (MEA; 2% malt extract and 
2% agar Oxoid Ltd.), both supplemented with 500 
mg L-1 streptomycin sulphate (Oxoid Ltd.). The isola-
tion plates were incubated at 25°C (±3°C) in the dark. 
After 7 to 10 d of incubation, all of the fungal cultures 
believed to belong to GTD genera were spread over 
Petri dishes of PDA, and after an overnight incuba-
tion, single germinating conidia or small pieces of 
hyphae were transferred to Petri dishes with fresh 
PDA. The morphological and culture characteristics 
were initially used to distinguish the fungal genera 
and species isolated from the symptomatic tissues 
(Crous and Gams, 2000; Mostert et al., 2006; Essakhi 
et al., 2008; Agustì-Brisach et al., 2013a; Phillips et al., 
2013; Raimondo et al., 2014; Carlucci et al., 2015a).
A total of 450 fungal isolates were obtained, and 
these were grouped according to the different GTDs, 
and only the Cylindrocarpon-like isolates were used 
in the further analyses. The reference isolates have 
been deposited in the culture collection of the De-
partment of Sciences, Agriculture, Food and Envi-
ronment (SAFE) of the University of Foggia, Italy, 
and in the collection of the Centraalbureau voor 
Schimmelcultures (CBS), Utrecht, The Netherlands.
The fungal isolation frequency (IF; %) per grape-
vine section sampled (young grapevines and nursery 
rootstock plants) was calculated as the number of tis-
sue portions infected by a given fungus, divided by 
the total number of tissue segments incubated. To 
determine which fungal group (i.e., the causal agents 
of PD, Botryosphaeria dieback (BD), and BFD) was 
correlated to which plant organ (i.e., root, rootstock, 
scion, basal stem, branches), principal component 
analysis (PCA) was performed using XLStat 2016.1 
(Addinsoft SARL, France).
To determine the syndromes (i.e., PD, BD, BFD) 
and the incidence with which they occurred alone 
or in combination on young grapevines and nursery 
rootstock plants, the disease incidences (DI) were 
calculated, as the percentage of plants infected di-
vided by the total number of plants analysed.
Morphology
All fungal colonies morphologically attributed to 
BFD were subjected to detailed morphological stud-
ies, carried out according to Chaverri et al. (2011). 
Based on preliminary morphological characterisa-
tion, isolates attributed to Thelonectria were used to 
provide perithecial formation. All Thelonectria iso-
lates were crossed with each other or placed alone 
in Petri dishes (90 mm diam.) that contained three 
different media: PDA, or Spezellier Nahrstoffarmer 
agar (Nirenberg, 1976) without and with 0.1% yeast 
extract (Oxoid Ltd.). The plates were incubated at 20 
± 2°C under ultraviolet light and at room tempera-
ture, for 3 to 4 weeks. For asexual morphs, if conidi-
ation did not occur, the isolates were grown on the 
same media and/ or incubated under near ultravio-
let light, and in the dark at 23 ± 2°C. 
Fungal structures were measured from 100% lac-
tic acid mounts by taking 30 measurements (at 400× 
and 1,000× magnification), using a Leica Application 
Suite measurement module (Leica Microsystems 
GmbH). Photomicrographs were recorded using a 
digital camera (Leica DFC320) on a microscope fit-
ted with Normaski differential interference contrast 
optics (Leica DMR). The 5th and 95th percentiles 
were calculated for all the measurements, and the 
extremes are presented. Detailed measurements 
were conducted for six isolates per fungal species. 
The microscopic features of conidiophores and co-
nidia were also determined in distilled water picking 
up mycelial plugs from 30-d-old cultures grown on 
MEA, and images taken at 40× magnification with 
Leica DM5500 microscope.
Growth rates and colony characteristics of fungi 
were determined on plates containing 20 mL malt 
extract agar (MEA; 2% malt extract Oxoid agar, 1.0 L 
water), PDA, and oatmeal agar (30 g oats, 8 g Oxoid 
agar, 1.0 L water), inoculated with 5 mm diam. myce-
lium plugs of isolates, and then incubated at 23 ± 2°C 
in the dark for 16 d. Colony morphology and colour 
were assessed on MEA, PDA and oatmeal agar, at 
23 ± 2°C after 21 d using the colour charts of Rayner 
(1970). Cardinal temperatures for growth were de-
termined on MEA incubated in the dark at tempera-
tures from 5 to 40°C, at 5°C intervals, and including 
37°C. Radial growth was measured on MEA plates, 
after 8 d at 20 ± 2 °C. 
DNA extraction, amplification and sequencing
Genomic DNA of the isolates was extracted from 
15-d-old cultures growing on PDA, according to Car-
lucci et al. (2013). The genera and species in the Botry-
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osphaeriaceae were identified with the keys, descrip-
tions, and sequence data provided by Phillips et al. 
(2013). Pleurostoma isolates were identified using the 
descriptions and sequence data provided by Carlucci 
et al. (2015a). Phaeomoniella isolates were identified ac-
cording to Crous and Gams (2000). Phaeoacremonium 
isolates were identified with the keys, descriptions 
and sequence data provided by Mostert et al. (2006), 
Essakhi et al. (2008) and Raimondo et al. (2014). 
For preliminary molecular identifications, inter-
nal transcribed spacers (ITS) 1 and 2 (including 5.8S 
of nuclear ribosomal DNA; ca. 600 bp) and the par-
tial β-tubulin gene (β-tub; ca. 500 bp) were amplified 
for all BFD fungi (i.e., all 182 isolates). The primer 
pairs used were ITS1/ ITS4 (White et al., 1990) for the 
ITS region, and T1 (O’Donnell and Cigelnik, 1997) 
and Bt2b (Glass and Donaldson, 1995) for β-tub. Sub-
sequently, histone 3 (His3; ca. 500 bp) was amplified 
with the CYLH3F/ CYLH3R primer pair (Crous et al., 
2004b) for 148 isolates. Three nuclear loci were am-
plified for the remaining 34 isolates, as the large sub-
unit RNA (LSU; ca. 700 bp), the α-actin gene (act; ca. 
600 bp), and RNA polymerase II subunit 1 (rpb1; ca. 
700 bp), with the primer pairs NL1/ NL4 (O’Donnell 
and Gray, 1993), FWDACT/ MIDREVACT (Wei-
land and Sundsback, 2000), and CRPB1A/ RPB1-Cr 
(Castlebury et al., 2004), respectively.
The LSU and ITS PCR reactions and conditions 
were performed according to Carlucci et al. (2012), 
with those for β-tub and act according to Raimondo 
et al. (2014), except for the annealing temperature of 
56°C, for rpb1 according to Castlebury et al. (2004), 
and for His3 according to Crous et al. (2004b).
Ten microlitres of each amplicon were analysed 
by electrophoresis at 100 V for 30 min in 1.5% (w/v) 
agarose gels in 1× TAE buffer (40 mM Tris, 40 mM 
acetate, 2 mM EDTA, pH 8.0). The gels were stained 
with ethidium bromide and visualised under ultra-
violet light (Gel Doc EZ System; Biorad). The PCR 
products were purified before DNA sequencing 
(Nucleo Spin Extract II purification kits; Macherey-
Nagel), according to the manufacturer instructions. 
Both strands of the PCR products were sequenced by 
Eurofins Genomics Service (Milan, Italy).
Phylogenetic analysis
The nucleotide sequences obtained were manu-
ally edited using BioEdit version 7.0.9 (http://www.
mbio.ncsu.edu/BioEdit). Consensus sequences were 
compared with those available in the GenBank da-
tabase, using the Basic Local Alignment Search Tool 
(BLAST) to verify the preliminary morphological 
identification, and to select and download closely re-
lated sequences for phylogenetic analyses. GenBank 
sequences from different species of Cylindrodendrum, 
Dactylonectria, Ilyonectria, Neonectria and Thelonectria 
(Table 2) were then selected and added to the se-
quences obtained and aligned using ClustalX, ver-
sion 1.83 (Thompson et al., 1997).
A selection of 47 BFD strains from the collection 
of 182 strains was used to perform the phylogenetic 
analyses. Alignment gaps were treated as missing 
data, and all of the characters were unordered and 
of equal weight. Phylogenetic analyses of the ITS 
and β-tub sequences was carried out using PAUP, 
version 4.0b10 (Swofford, 2003), using the heuris-
tic search option with 100 random taxa additions 
and tree bisection and reconstruction as the branch 
swapping algorithm. Branches of zero length were 
collapsed and all multiple, equally parsimonious 
trees were saved. Bootstrap support values were cal-
culated from 100 heuristic search replicates and 10 
random taxon additions. The tree lengths (TL), con-
sistency indices (CI), retention indices (RI), homo-
plasy indices (HI), and rescaled consistency indices 
(RC) were calculated, and the resulting trees were 
visualised with TreeView, version 1.6.6 (Page, 1996). 
Campylocarpon fasciculare (CBS 112613) and C. pseudo-
fasciculare (CBS 112679) were used as outgroups.
Phylogenetic analyses of the Ilyonectria and Dacty-
lonectria isolates were conducted according to single-
locus alignment of the His3 gene, which has previous-
ly been shown to be a very informative locus (Cabral 
et al., 2012b; Agustí-Brisach et al., 2016). The alignment 
gaps were treated as fifth character, and all the charac-
ters were unordered and of equal weight. Maximum 
parsimony analyses were performed with PAUP, ver-
sion 4.0b10 (Swofford, 2003), as described above.
Bayesian analyses were carried out with MrBayes 
version 3.0b (Ronquist and Huelsenbeck, 2003), us-
ing a Markov Chain Monte Carlo method. The gen-
eral time-reversible model of evolution was used 
(Rodriguez et al., 1990), which included estimation 
of invariable sites and assuming a discrete gamma 
distribution with six rate categories. Four Markov 
Chain Monte Carlo chains were run simultaneously, 
starting from random trees, for 106 generations. The 
trees were sampled every 100th generation for a to-
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the burn-in phase of each analysis. Posterior prob-
abilities (Rannala and Yang, 1996) were determined 
from the 50% majority-rule consensus tree generated 
from the remaining 9,000 trees. The analysis was re-
peated three times starting from different random 
trees, to ensure trees from the same tree space were 
being sampled during each analysis. Campylocarpon 
fasciculare (CBS 112613) and C. pseudofasciculare (CBS 
112679) were used as the outgroups.
The combined alignment of the five loci (i.e., LSU, 
ITS, β-tub, act, rpb1) was created and analysed to 
infer the multigenic analysis of the Thelonectria iso-
lates. Alignment gaps were treated as missing data, 
and all the characters were unordered and of equal 
weight. Maximum parsimony analysis and Bayesian 
analyses were performed as described above.
Maximum likelihood analyses were carried out 
using RAxML on the web-server (Stamatakis et al., 
2008) at http://phylobench.vital-it.ch/raxml-bb/
index.php, using the gamma model of rate hetero-
geneity and maximum likelihood search. Thelonectria 
westlandica (IMI255610, ICMP10387) was used as the 
outgroup.
The sequences generated in this study have been 
submitted to GenBank, and the alignment to Tree-
BASE (www.treebase.org), and the taxonomic nov-
elties to MycoBank (www.MycoBank.org) (Crous et 
al., 2004a). The GenBank accession numbers of the 
strains collected during the present study are listed 
in Table 2.
Pathogenicity testing
To assess the infection of grapevine wood tissues 
by Thelonectria sp., and to compare its aggressive-
ness with I. liriodendri and D. torresensis isolated from 
young grapevines and nursery rootstock plants, 
three isolates of each (i.e., BF109, BF133, BF142; BF12, 
BF47, BF144; BF33, BF130; BF135) were used in the 
pathogenicity tests carried out in October 2016, on 
1-year-old shoots (0.8–1.2 cm diam.) cut from 4-year-
old 1103 Paulsen rootstock from mother plants. Be-
fore artificial inoculation, the shoots were subjected 
to hot water treatment at 53°C for 30 min to ensure 
that the plants were pathogen free. Once the shoots 
were recognized as pathogen free, a mycelial plug 
from a 10-d-old colony of candidate isolate grown on 
water agar was artificially inserted into a wound by 
removing the bark of the shoot. Inoculated wounds 
were wrapped with wet sterile cotton-wool for about 
2 d and then placed in a plastic box sealed with cello-
phane film for another 13 d. The controls were mock 
inoculated with sterile distilled water. Each experi-
ment included five replicates per isolate. After incu-
bation at 23 ± 2 °C for 15 d, the inoculated shoots 
were examined by removing the bark and measuring 
the lengths of brown streaking. All the inoculated 
shoots were subjected to re-isolation, to fulfill Koch’s 
postulates.
To determine whether the data obtained followed 
a normal distribution, Shapiro-Wilk test (W test) was 
used. The homogeneity of the variance of the dataset 
was assessed using Levene test. Statistical analyses 
were performed using Statistica, version 6 (StatSoft, 
Hamburg, Germany). 
Factorial ANOVA analysis was performed to 
define the significance of any differences in lesion 
lengths caused by the isolates of the same fungal 
species and different fungal species, and to detect 
any interactions between these factors (i.e., isolate × 
fungal species). One-way ANOVA analysis was per-
formed to evaluate the significant differences in the 
brown wood streaking lengths caused by each fun-
gal species inoculated. Fischer’s tests were used for 
the comparisons of the treatment means, at P<0.01.
Results
Isolates
The fungi isolated from symptomatic grapevine 
samples are shown in Table 3. The fungi commonly 
associated with PD, which included Phaeoacremoni-
um spp., Ph. chlamydospora and Pleurostoma richard-
siae, were isolated with an IF of 12.0%, which ranged 
from 0.2 to 3.0% for each species. The most common 
species isolated were Pm. minimum (IF, 3.0%), Pm. 
italicum (IF, 2.3%) and Ph. chlamydospora (IF, 1.9%). 
Fungi belonging to Botryosphaeriaceae spp. were 
isolated with an IF of 11.8%, individually ranging 
from 1.5 to 4.7%. In this group, Diplodia seriata was 
the most frequently isolated species (IF, 4.7%). Fungi 
associated with BFD were the most frequently iso-
lated, with an IF of 16.2%. The fungal species D. 
torresensis, I. liriodendri and Thelonectria sp. were 
isolated with IFs, respectively, of 7.4, 5.8, and 3.0%. 
According to PCA (Figure 2), the five variables re-
lated to the plant organs (i.e., Var1-5: root, rootstock, 
scion, basal stem, branches) of the young grapevines 
and nursery rootstock plants were reduced to two 
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factors, which explained 100.00% of the total vari-
ability (factor 1, 83.37%; factor 2, 16.63%) (Figure 2). 
The variables Var1 (root), Var2 (rootstock), Var3 (sci-
on) and Var4 (basal stem) were related to factor 1, 
whereas Var5 (branches) was mostly related to fac-
tor 2. The projection of the variables and cases (i.e., 
biplot analysis; Figure 2) showed that from root and 
rootstock (i.e., Var1, Var2, respectively), the main 
Table 3. Fungal species isolated from symptomatic grapevine samples.
Fungal disease Fungal species isolated












Petri disease Phaeomoniella chlamydospora 12 (1.1) 7 (0.6) 2 (0.2) 0 (0.0) 0 (0.0) 21 (1.9)
Phaeoacremonium croatiense 4 (0.4) 1 (0.1) 4 (0.4) 2 (0.2) 0 (0.0) 11 (1.0)
Pm. iranianum 4 (0.4) 3 (0.3) 3 (0.3) 3 (0.3) 0 (0.0) 13 (1.2)
Pm. italicum 7 (0.6) 5 (0.4) 10 (0.9) 4 (0.4) 0 (0.0) 26 (2.3)
Pm. minimum 11 (1.0) 6 (0.5) 12 (1.1) 5 (0.4) 0 (0.0) 34 (3.0)
Pm. parasiticum 2 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.2)
Pm. scolyti 5 (0.4) 2 (0.2) 6 (0.5) 2 (0.2) 0 (0.0) 15 (1.3)
Pm. sicilianum 2 (0.2) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 3 (0.3)
Pleurostoma richardsiae 4 (0.4) 0 (0.0) 5 (0.4) 0 (0.0) 0 (0.0) 9 (0.8)
Subtotal 47 (4.7) 25 (2.2) 37 (3.8) 16 (1.4) 0 (0.0) 125 (12.0)
Botryosphaeria 
dieback
Diplodia seriata 16 (1.4) 13 (1.2) 11 (1.0) 8 (0.7) 5 (0.4) 53 (4.7)
Lasiodiplodia citricola 8 (0.7) 4 (0.4) 4 (0.4) 1 (0.1) 0 (0.0) 17 (1.5)
L. theobromae 9 (0.8) 6 (0.5) 5 (0.4) 1 (0.1) 0 (0.0) 21 (1.9)
Neoufusicoccum parvum 11 (1.0) 6 (0.5) 5 (0.5) 3 (0.3) 0 (0.0) 25 (2.2)
N. vitifusiforme 6 (0.5) 2 (0.2) 7 (0.6) 3 (0.3) 0 (0.0) 18 (1.6)
Subtotal 54 (4.4) 31 (2.8) 37 (2.8) 16 (1.4) 5 (0.4) 143 (11.8)
Black foot 
disease
Dactylonectria torresensis 57 (5.2) 26 (2.4) 0 (0.0) 0 (0.0) 0 (0.0) 83 (7.4)
Ilyonectria liriodendri 43 (3.8) 22 (2.0) 0 (0.0) 0 (0.0) 0 (0.0) 65 (5.8)
Thelonectria sp. 19 (1.7) 15 (1.3) 0 (0.0) 0 (0.0) 0 (0.0) 34 (3.0)
Subtotal 119 (10.6) 63 (5.6) 0 (0.0) 0 (0.0) 0 (0.0) 182 (16.2)
No fungal growth 4 (0.4) 92 (8.2) 136 (12.1) 187 (16.6) 207 (18.4) 626 (55.7)
Bacteria 0 (0.0) 6 (0.5) 8 (0.7) 4 (0.4) 5 (0.5) 23 (2.1)
Saprophytic fungi* 1 (0.1) 8 (0.7) 7 (0.6) 2 (0.2) 8 (0.7) 26 (2.3)
Subtotal 4 (0.3) 106 (9.4) 151 (13.4) 193 (17.2) 220 (19.6) 675 (60.0)
Total number tissue portions 225 (20.0) 225 (20.0) 225 (20.0) 225 (20.0) 225 (20.0) 1125 (100.0)
* Aspergillus spp., Penicillium spp., Rhizopus spp.
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species isolated were those associated with BFD, 
with IFs of 10.6 and 5.6%, respectively. From scion 
(Var3), the species with the greater IFs (3.7%) were 
those associated with PD. From basal stem (Var4), 
only fungi associated with PD and BD were iso-
lated, each with IFs of 1.4%. Finally, from branches 
(Var5), the only fungi isolated were associated with 
BD (Table 3; Figure 2).
In addition, all the young grapevines (28) and nurs-
ery rootstock plants (17) analysed had BFD fungi. Of 
these, 13 plants (i.e., 11 young grapevines, two nursery 
rootstock plants) had only BFD infections, 19 plants 
(eight young grapevines, 11 nursery rootstock plants) 
had both BFD and BD infections, and 13 plants (nine 
young grapevines, four nursery rootstock plants) had 
mixed infections of BFD, BD and PD (Table 4).
Molecular identification, phylogenetic analysis, and 
morphological characterisation
Phylogenetic analyses were performed for the 
ITS and β-tub sequences of 47 strains aligned with 
160 sequences retrieved from GenBank. The dataset 
consisted of 207 taxa, which included the outgroup 
taxa (Campylocarpon fasciculare and C. pseudofascicu-
lare). After alignment and exclusion of incomplete 
portions at either end, the dataset consisted of 1,083 
characters (including alignment gaps). Of these char-
acters, 525 were constant, while 34 were variable and 
parsimony uninformative. Maximum parsimony 
analysis of the remaining 524 parsimony-informa-
tive characters resulted in 1,000 most-parsimonious 
trees (TL = 2.378; CI = 0.439; RI = 0.935; RC = 0.410; 






























Figure 2. Principal component analysis based on isolation 
frequencies (IFs). 
Table 4. Grapevine samples affected by fungal diseases associated with vineyards, based on the fungal species isolated.
Plant Cultivar
Number of infected plants (% disease incidence)
BFDa BFD + BDb BFD + BD + PDc Total
Young grapevine Chardonnay 5 (17.9) 2 (7.1) 3 (10.7) 10 (35.7)
Pinot grigio 3 (10.7) 3 (10.7) 4 (14.4) 10 (35.7)
Trebbiano toscano 3 (10.7) 3 (10.7) 2 (7.1) 8 (28.6)
Subtotal 11 (24.4) 8 (17.8) 9 (20.0) 28 (62.2)
Nursery rootstock Ciliegiolo 1 (5.9) 2 (11.7) 1 (5.9) 4 (23.5)
Cococciola 
d’Abruzzo
1 (5.9) 3 (17.6) 1 (5.9) 5 (29.4)
Moscato - 2 (11.7) 1 (5.9) 3 (17.6)
Sangiovese - 4 (23.6) 1 (5.9) 5 (29.4)
Subtotal 2 (4.4) 11 (24.4) 4 (8.9) 17 (37.8)
Total 13 (28.9) 19 (42.2) 13 (28.9) 45 (100.0)
aBlack foot disease; bBotryosphaeria dieback; cPetri disease. 
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HI = 0.561). Bayesian analysis resulted in a tree with 
essentially the same topology as the maximum parsi-
mony trees (TreeBASE S19784) (Figure 3).
Phylogenetic analyses of the His3 single-locus 
alignment were generated for 31 strains, and these 
were aligned with 56 sequences retrieved from Gen-
Bank. The dataset consisted of 87 taxa, which in-
cluded the outgroup taxa (Campylocarpon fasciculare 
and C. pseudofasciculare). After alignment and exclu-
sion of incomplete portions at either end, the data-
set consisted of 453 characters (including alignment 
gaps). Of these, 225 were constant, while 23 were 
variable and parsimony uninformative. Maximum 
parsimony analysis of the remaining 205 parsimony-
informative characters resulted in 18 most-parsimo-
nious trees (TL = 945; CI = 0.512; RI = 0.904; RC = 
0.463; HI = 0.488). Bayesian analysis resulted in a tree 
with essentially the same topology as the maximum 
parsimony trees (TreeBASE S19785) (Figure 4). The 
Dactylonectria and Ilyonectria isolates obtained in this 
study clustered into two groups with the sequences 
of Dactylonectria and Ilyonectria spp. retrieved from 
GenBank. Eighteen isolates clustered with the ex-
type of D. torresensis, while 13 isolates clustered with 
the ex-type of I. liriodendri.
All of the isolates that belonged to these two spe-
cies produced aerial and cottony mycelia, with the 
colony colours variable from white to dark yellow or 
slightly brown, with a strong density of texture of the 
mycelia. No ascomata were seen in culture. Based on 
microscopic observations, all these isolates produced 
macroconidia, microconidia and chlamydospores, 
with sizes similar to those described by Cabral et al. 
(2012a) and Halleen et al. (2006a). 
The combined dataset of the five loci (i.e., LSU, 
ITS, β-tub, act, rpb1) of the Thelonectria isolates con-
sisted of 45 taxa, which included the outgroup taxa 
(Thelonectria westlandica IMI255610, ICMP10387). Af-
ter alignment and exclusion of incomplete portions 
at either end, the dataset consisted of 2,641 charac-
ters (including alignment gaps). Of these characters, 
2,125 were constant, while 59 were variable and par-
simony uninformative. Maximum parsimony anal-
ysis of the remaining 457 parsimony-informative 
characters resulted in two most-parsimonious trees 
(TL = 834; CI = 0.783; RI = 0.941; RC = 0.737; HI = 
0.217). Maximum likelihood and Bayesian analyses 
resulted in a tree with essentially the same topology 
as the maximum parsimony trees (TreeBASE S19786) 
(Figure 5). The Thelonectria isolates obtained in the 
present study clustered in the Thelonectria coronata 
complex, but did not match any of the Thelonectria 
spp. belonging to this complex.
Taxonomy
Based on DNA sequence analyses of the Thelonec-
tria isolates, six species fell in the T. coronata complex, 
of which five belonged to known species. However, 
one was distinct from all known species, and is de-
scribed below as a new species. The description in-
cludes the culture characteristics and the character-
istics of the asexual morph, as sexual compatibility 
tests failed to induce perithecia.
Thelonectria blackeriella M.L. Raimondo & A. Car-
lucci sp. nov. Figure 6,
MycoBank MB374246.
Holotype: Italy, Campomarino (CB), on root-
stock of Vitis vinifera cv. ‘Pinot grigio’, September 
2014, A. Carlucci, isolate number BF142 (holotype 
CBS H-22939, dried PDA colony). Ex-type culture 
CBS142200, GenBank accession numbers for LSU/ 
ITS/ β-tub/ act/ rpb1: KX778690/ KX778711/ 
KX778702/ KX778687/ KX778693.
Etymology: Named after the black from BFD, be-
cause this species was isolated for the first time from 
grapevine plants affected by BFD.
Description: Mycelia not visible on host. No peri-
thecia formation under laboratory conditions. Colo-
nies on MEA reaching 50 to 55 mm diam. after 16 d 
at 25 ± 2°C. Minimum temperature for growth in cul-
ture 8°C, optimum 20°C, and maximum 36°C. After 
21 d, colonies on MEA cottony, with irregular mar-
gins, cream (19’’f) on top, xanthine orange (13i) and 
marocco red (5k) sectors on the underside; colonies 
on oatmeal agar aerial, with concentric circles and 
entire margins, tilleul buff (17’’’f) on top, vinaceous 
fawn (13’’’b) to tilleul buff (17’’’f) on the underside; 
colonies on PDA cottony, with not entire margins, 
pinkish buff (17’’d) on the top, pinkish cinnamon 
(15’’b) to cartridge buff (19’’f) on the underside. No 
pigment produced at > 25°C. 
Mycelia composed of branched septate, some-
times fasciculate, hyphae that occur singly or in bun-
dles of up to five; hyphae hyaline to dark yellow to 
pale brown, smooth, 2.55 to 10.30 μm wide.
Conidiophores unbranched, enlarged at the bases, 
erect, up to 3 to 4-septate, each ending in a single 
terminal phialide, often bearing one or two lateral 
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phialides next to the terminal phialide, sub-hyaline 
to pale brown (16.41–) 19.58–34.76 (–44.72) × (1.99–) 
2.27–3.47 (–3.62) μm (mean 27.17 × 2.87 μm). Phial-
ides borne apically on irregularly branched clusters 
of cells, cylindrical or slightly swollen (7.25–) 8.16–
13.39 (−15.21) × (−2.07) 1.52–5.85 (−7.99) μm (mean 
10.78 × 3.69 μm), with periclinal thickening and col-
larets. Macroconidia formed in yellow, slimy droplets 
in aerial mycelia or on agar surface; cylindrical or 
slightly fusiform, curved with round ends, 1–4-sep-
tate: 1-septate (21.97–) 23.36–25.34 (−28.22) × (2.44–) 
3.81–4.48 (−4.66) μm (mean 24.35 × 4.15 μm); 2-sep-
tate (24.75–) 27.84–29.15 (−33.13) × (2.80–) 4.11–4.56 
(−6.09) μm (mean 28.50 × 4.33 μm); 3-septate (24.75–) 
continued …..
Ilyonectria capensis CBS 132815I. capensis CBS 132816
I. vredehoekensis CBS 132807I. vredehoekensis CBS 132808
I. venezuelensis CBS 102032
I. europaea CBS 129078
I. europaea CBS 102892
I. robusta CBS 308.35I. robusta CBS 117815I. lusitanica CBS 129080I. coprosmae CBS 119606
I. rufa CBS 153.37
I. rufa CBS 156.47I. pseudodestructans CBS 129081I. pseudodestructans CBS 117824
I. crassa CBS 139.30I. crassa CBS 158.31
I. panacis CBS 129079
I. mors panacis CBS 306.35I. mors panacis CBS 124662
I. liliigena CBS 189.49
I. liliigena CBS 732.74I. gamsii CBS 940.97 I. cyclaminicola CBS 302.93I. protearum CBS 132811
I. protearum CBS 132812
I. leucospermi CBS132809
I. leucospermi CBS 132810
BF66
I. liriodendri CBS 110.81BF61BF47BF50BF30
BF41BF12BF31BF74BF6BF68BF144BF59
I. palmarum CBS 135754I. palmarum CBS 135753
I. radicicola CBS 264.65
Cylindrodendrum hubeiense CBS 124071
C. hubiense CBS 129.97C. alicantinum CBS 139518
C. alicantinum Cyl 11
C. album CBS 301.83
C. album CBS 110655
Neonectria punicea CBS 242.29
N. punicea CBS 119724
N. confusa CBS 127485
N. confusa CBS 127484
N. faginata CBS 119160N. faginata CBS 217.67
N. coccinea CBS 119158N. ramulariae CBS 151.29N. ramulariae CBS 182.36
N. shennongjiana HMAS 183185
N. lugdunensis CBS 127475
N. lugdunensis CBS 125485
N. obtusispora CPC 13544N. obtusispora CBS 183.36
N. major CBS 240.29N. major HMAS 183183
N. ditissima CBS 835.97
N. ditissima CBS 100316N. neomacrospora CBS 198.62N. neomacrospora CBS 118984
N. fuckeliana CBS 119200
N. fuckeliana CBS 239.29N. tsugae CBS 788.69
Dactylonectria alcacerensis Cy134D. alcacerensis CBS 129087
D. macrodidyma CBS 112615
D. macrodidyma Cy258
BF130D. torresensis CBS 129086D. torresensis CBS 119.41BF33BF44BF76BF71BF98BF56BF22BF3BF1BF9BF134BF132BF136BF131BF143BF138BF135D. novozelandica CBS 113552D. novozelandica CBS 112608
D. estremocensis CBS 129085D. estremocensis Cy135D. pinicola CBS 173.37
D. pinicola Cy200
D. hordeicola CBS 162.89
D. pauciseptata CBS 120171D. pauciseptata CBS 100819D. anthuriicola CBS 564.95D. vitis CBS 129082
Rugonectria sinica HMAS183542




































Thelonectria violaria CBS 134035
T. violaria CBS 134040
T. purpurea CBS 112458
T. purpurea CBS 134024T. japonica MAFF 241524
T. japonica MAFF 241543
T. japonica MAFF 241554T. brayfordii CBS 118612
T. brayfordii ICMP 14105T. pinea CBS 125153
T. pinea CBS 134033
T. ianthina CBS 134023
T. ianthina CBS 134038T. tyrus CBS 134029
T. tyrus CBS 125172
T. porphyria MAFF 24155
T. porphyria MAFF 241539
T. porphyria MAFF 24157
T. phoenicea IMI329113T. phoenicea ATCC 76478
T. conchyliata IMI325855
T. conchyliata CBS 112461
T. ostrina IMI370947T. ostrina CBS 134022
T. ostrina MAFF 241564
T. yunnanica HMAS 183564 
T. beijingensis HMAS 188498
T. blattea CBS 95268
T. blattea CBS 14277
T. mamma CBS 136787
T. mamma IMI325261
T. mamma 92112704
T. rubi CBS 177.27T. rubi CBS 113.12
T. papillata CBS 136788
T. papillata CBS 126099
T. papillata CBS 134036
T. gibba CBS 112456T. gibba CBS 112469
T. asiatica IMI348190
T. sinensis HMAS 183186
T. asiatica MAFF 241576
T. discophora CBS 134038T. discophora CBS 134031
T. mammoidea IMI 69361








T. coronata CBS 132322
T. diademata CBS 132231
T. diademata CBS132333
T. diademata CBS 132321
T. diademata CBS 132332T. cidaria CBS 132323
T. cidaria IMI325844
T. coronalis CBS 132337
T. coronalis CBS 132338
T. stemmata CBS 112468
T. stemmata CBS 132336
T. nodosa CBS 124352
T. nodosa CBS 132327
T. nodosa IMI351445T. torulosa CBS 132339T. torulosa CBS 132340
T. amamiensis MAFF239820
T. amamiensis MAFF239819
T. gongylodes IMI336160T. gongylodes CBS 124611
T. gongylodes IMI343571
T. veuillotiana CBS 125114
T. veuillotiana CBS 132341
T. acrotyla CBS 123766
T. westlandica CBS 112464
T. westlandica IMI255610
T. trachosa CBS 119608T. trachosa CBS 112467
T. truncata CBS 132329





































Figure 3. One of the 1,000 most parsimonious trees obtained from alignment of the ITS and β-tub sequence data, with 
bootstrap values from 100 replicates from maximum parsimony. Only bootstrap values <99 are shown at the internodes. 
Ex-type sequences are highlighted in bold. Campylocarpon fasciculare and C. pseudofasciculare were included as outgroups.
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10
JF735522 I. robusta CBS 117815
JF735518 I. robusta CBS 308.35
JF735569 I. europaea CBS 102892
JF735567 I. europaea CBS 129078
JX231139 I. vredehoekensis CBS 132807
JX231143 I. vredehoekensis CBS 132808
JX231144 I. capensis CBS 132816
JX231135 I. capensis CBS 132815
JF735571 I. venezuelensis CBS 102032
JX231141 I. protearum CBS 132811
JX231149 I. protearum CBS 132812
JF735581 I. cyclaminicola CBS 302.93
JX231146 I. leucospermi CBS 132810
JX231145 I. leucospermi CBS 132809JF735535 I. crassa CBS 158.31
JF735534 I. crassa CBS 139.30 
JF735541 I. rufa CBS 156.47
JF735540 I. rufa CBS 153.37
JF735562 I. pseudodestructans CBS 117824
JF735563 I. pseudodestructans CBS 129081
JF735572 I. panacis CBS 129079
JF735574 I. liliigena CBS 732.74
JF735573 I. liliigena CBS 189.49
JF735577 I. gamsii CBS 940.97 













JF735507 I. liriodendri CBS 110.81
BF61
JF735506 I. radicicola CBS 264.65
JF735570 I. lusitanica CBS 129080
HF922620 I. palmarum CBS 135754
HF922621 I. palmarum CBS 135753
JF735559 I. mors panacis CBS 124662
JF735557 I. mors panacis CBS 306.35
KP639558 Cylindrodendrum alicantinum Cyl 11
KP639555 C. alicantinum CBS 139518
KM231485 C. album CBS 110655
KM231484 C. album CBS 301.83
KM231486 C. hubiense CBS 129.97
KP639561 C. hubiense CBS 124071

















JF735630 D. alcacerensis CBS 129087
JF735629 D. alcacerensis Cy134
JF735656 D. macrodidyma Cy258
JF735647 D. macrodidyma CBS 112615
JF735633 D. novozelandica CBS 113552
JF735632 D. novozelandica CBS 112608
JF735617 D. estremocensis CBS 129085
JF735615 D. estremocensis Cy135
JF735614 D. pinicola CBS 173.37
JF735612 D. pinicola Cy200
JF735582 D. pauciseptata CBS 100819
JF735587 D. pauciseptata CBS 120171
JF735579 D. anthuriicola CBS 564.95
JF735610 D. hordeicola CBS 162.89JF735502 Campylocarpon fasciculare CBS 112613




































JF735580 D. vitis CBS 129082
Figure 4. One of the 18 most parsimonious trees obtained from alignment of the His3 sequence data, with bootstrap values 
from 1,000 replicates from maximum parsimony/Bayesian posterior probability shown at the internodes. Bootstrap values 
of 100% are indicated with star symbols. Ex-type sequences are highlighted in bold. Campylocarpon fasciculare and C. pseu-
dofasciculare were included as outgroups.
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Figure 5. One of the two most parsimonious trees obtained from multiple alignment of the five genes (LSU, ITS, β-tub, act, 
rpb1) with bootstrap values from 1,000 replicates from maximum likelihood/maximum parsimony/Bayesian posterior 
probability shown at the internodes. Bootstrap values of 100% are indicated with star symbols. Ex-type sequences are 
highlighted in bold. Thelonectria westlandica was included as outgroup.
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27.84–29.15 (−33.13) × (2.80–) 4.11–4.56 (−6.09) μm 
(mean 28.50 × 4.33 μm); 4-septate (27.14–) 29.54–
30.88 (−32.64) × (3.62–) 4.50–5.19 (−6.80) μm (mean 
30.21 × 4.84 μm). 
Microconidia not produced in culture. Chlamydo-
spores formed in culture, globose to subglobose 
(mean 8.62 × 4.69 μm).
Habitat and distribution: Isolated from grapevine 
in agricultural settings. Known from Italy.
Additional specimens examined: Italy, Cerignola 
(FG), on rootstock of Vitis vinifera cv. ‘Sangiovese’, 
September 2014, A. Carlucci, isolate number (BF133) 
CBS142201.
Pathogenicity tests
According to the Shapiro-Wilk test data from 
the pathogenicity tests 15 d after inoculations, these 
Figure 6. Thelonectria blackeriella sp. nov. (a-c) Sixteen-d-old colonies on MEA (a), PDA (b) and oatmeal agar (c), at 25°C. 
(d) Detail of exudates in Petri dishes containing conidia. (e, f) Mycelia in bundles of up to five. (g-i) Conidiophores and 
phialides. (j-o) Macroconidia most frequently observed in culture; (j), Different septate macroconidia; (k), 1-septate macro-
conidia; (l), 2-septate macroconidia; (m), 3-septate macroconidia; (n), 4-septate macroconidia;  (o), 5-septate macroconidia. 
(p-r) Chlamydospores formed by macroconidia. (s-t) Chlamydospores formed on hyphae. (u-x) Conidiophores and phialides 
in distilled water.
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followed a normal distribution, with a W value of 
0.93 (P<0.012). The Levene test revealed that the ho-
mogeneity of the variance was significant (F = 2.91, 
P=0.013).
Factorial ANOVA demonstrated that significant 
differences in pathogenicity were detected among 
the inoculated fungal species (F = 8.92, P=0.00071), 
while no significant differences in aggressiveness 
were observed among the isolates of the same fun-
gal species used in the artificial inoculation (F = 1.22, 
P=0.30512).
The mean lengths of vascular discolouration 
caused by D. torresensis, I. liriodendri and T. blackeriella 
(one-way analysis of variance) are reported in Table 
5. All the fungal species produced brown wood dis-
colouration on young shoots. The most aggressive 
species was T. blackeriella. At 15 d after inoculation, T. 
blackeriella produced the longest brown wood discol-
ouration, which ranged from means of 14.80 to 18.40 
mm. Ilyonectria liriodendri produced shorter brown 
wood discolouration on young shoots, compared to 
D. torresensis and T. blackeriella, which ranged from 
mean lengths of 8.20 mm to 11.80 mm at 15 d after 
inoculation. The fungal species were re-isolated from 
discoloured tissues of all of the inoculated shoots, 
which fulfilled Koch’s postulates (Table 5).
Discussion
The present study confirms the presence of the 
fungal species Ph. chlamydospora, Phaeoacremonium 
spp., Pl. richardsiae, Botryosphaeriaceae spp. and 
Cylindrocarpon-like anamorphs commonly associ-
ated with the severe grapevine diseases of PD, BD 
and BFD. The simultaneous presence of different 
fungal species that are associated with other severe 
diseases that occur on grapevines, such as PD and 
other trunk diseases, is not new, as similar scenarios 
were also reported by Sofia et al. (2013) and Carlucci 
et al. (2015b) on grapevines, respectively, in Portugal 
and Italy. The PD complex is one of the most wide-
spread grapevine diseases in Italy, where it has been 
known since 1998 (Bertelli et al., 1998). Among the 
main fungi associated with these diseases, Phaeoacr-
emonium spp. have been the most isolated, together 
with Ph. chlamydospora (Mugnai et al., 1999; Raimon-
do et al., 2014), Fomitiporia mediterranea (Fisher et al., 
2002), and more recently, Pleurostomophora richardsiae 
(Carlucci et al., 2015a), with this last renamed as Pleu-
rostoma richardsiae by Réblová et al. (2016). To date, 
ten species of Phaeoacremonium have been reported 
as fungal pathogens for esca disease and PD of vine-
yards in Italy (Raimondo et al., 2014), which here 
included Phaeoacremonium croatiense, isolated from 
Table 5. Mean lesion legths from pathogenicity assays carried out for three fungal species on grapevines (one-way ANOVA).
Fungal species Id Isolate
Length of brown wood discolouration (mm)
Mean SD Min-Maxa
Control - 1.0 Ab 1.0 0-2
Ilyonectria liriodendri BF144 8.2 B 3.1 5-13
BF47 10.8 B 1.1 9-12
BF12 11.8 BC 1.9 9-14
Dactylonectria torresensis BF130 11.8 BC 2.8 9-15
BF33 12.0 BC 2.9 8-16
BF135 12.4 BC 4.6 7-17
Thelonectria blackeriella BF142 14.8 C 6.0 9-23
BF109 16.8 CD 6.1 8-24
BF133 18.4 D 6.3 11-26
a Minimum and maximum values detected, (12 observations).
b Data followed by different capital letters within the column are significantly different (Fischer’s 
tests; P<0.01)
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grapevines in Italy for first time. BD has been an-
other very important problem in viticulture in Italy 
since the end of the 1970s (Cristinzio, 1978; Rovesti 
and Montermini, 1987; Mondello et al., 2013; Carlucci 
et al., 2015b). The present study confirms the com-
mon presence of D. seriata in Italian vineyards, com-
pared to other Botryosphaeriaceae spp. like those 
previously reported by Mohammadi et al. (2013) and 
Carlucci et al. (2015b).
Black foot disease of grapevines is widespread 
in Portugal, Spain, South Africa and California, 
USA (Rego et al., 2000; Halleen et al., 2004; Petit and 
Gubler, 2005; Alaniz et al., 2007). There have been no 
previous reports of BFD for Italy, except for Grasso 
and Magnano di San Lio (1975) and Grasso (1984), 
who respectively associated Cylindrocarpon obtu-
sisporum and C. destructans with infections in Sicilian 
vineyards. 
The analysis of the young grapevines and nursery 
rootstock plants that showed sunken necrotic root le-
sions, reduced root biomass, black sub-cortical dis-
colouration, and necrosis of xylem tissues also led to 
a high number of Cylindrocarpon-like asexual morphs 
(182) being isolated. These high isolation frequencies 
induced us to further investigate this fungal group. 
The preliminary phylogenetic study carried out here 
was based on the ITS and β-tub sequences, and this 
allowed the division of the collected isolates into 
three main clades. The first of these clustered close to 
Ilyonectria, the second to Dactylonectria, and the third 
to Thelonectria. The subsequent phylogenetic analy-
sis based on His3 data allowed the attribution of 83 
isolates to D. torresensis and 65 to I. liriodendri. Thirty-
four isolates of the third group that resembled The-
lonectria were further studied using multigenic DNA 
analyses, which resulted in all of these grouped to-
gether in a monophyletic clade of Thelonectria spp., 
which is described here as T. blackeriella sp. nov. 
Dactylonectria torresensis and I. liriodendri have 
been commonly associated with BFD throughout 
the world (Halleen et al., 2006a; Cabral et al., 2012a; 
Agustí-Brisach et al., 2013a; Reis et al., 2013), al-
though to date there have been no reports that have 
described these species from Italy. The present study 
reports these for the first time from grapevines in 
Italy. For the Thelonectria genus, this was mainly con-
sidered to be a group of saprobic fungi that can live 
on decaying plant material of different hosts. This 
group has been isolated from different substrates, 
such as the bark of twigs and branches, or trunks 
of recently dead or dying trees (Samuels et al., 1990; 
Brayford et al., 2004, Guu et al., 2007), with a cosmo-
politan distribution (Brayford, et al., 2004). To date, 
there have been few reports that have described the 
pathogenic role of Thelonectria spp. For instance, Sal-
gado-Salazar et al. (2012, 2015) reported T. coronata, T. 
diademata and T. stemmata in association with small 
cankers on shrubs and trees, and T. rubi as a plant 
pathogen on several species of Rubus.
To date, Thelonectria spp. have also not been re-
ported as pathogens of grapevines and have not 
been associated with BFD, except for one report of 
two strains of Thelonectria, previously mis-identified 
as Cylindrocarpon sp./Neonectria mammoidea group 
(Cyl1, ITS/β-tub, accession number HQ338494/
HQ338503; Cyl9, ITS/β-tub accession number 
HQ338502/HQ338511), from BFD symptomatic 
grapevines in north-eastern USA and south-eastern 
Canada (Petit et al., 2011), although no pathogenicity 
tests were carried out for these reports.
To determine the pathogenic role of T. blackeriella 
and its involvement in BFD, preliminary pathogenic-
ity tests were carried out here, as also for I. lirioden-
dri and D. torresensis. These tests demonstrated that 
T. blackeriella, I. liriodendri and D. torresensis can in-
fect young grapevine rootstock shoots. The statisti-
cal analyses also showed that T. blackeriella produces 
longer wood discolouration than the other two spe-
cies. To the best of our knowledge, this is the first 
association of T. blackeriella with BFD on grapevines 
worldwide. Based on these preliminary results, fur-
ther pathogenicity studies are needed to understand 
the level of severity of disease caused by T. blackeriella.
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